the diffusivity is ~2 D for distances smaller than 15 km and initial separation distances between 5 km and 10 km, and also for distances smaller than 40 km for initial separation distances between 35 km and 40 km; characteristic dispersion time is constant. In the second phase (inverse energy cascade), the diffusivity and characteristic dispersion time increase with growing distances following the 4/3 and 2/3 power laws, respectively, for scale ranging between 3 and 15 km and for initial 20 distances smaller than 3 km. The third phase occurs for distance larger than 55 km, all pair velocities are uncorrelated and both relative diffusivity and characteristic dispersion time are approximately constants.
The relative dispersion, which is the measure of the mean square separation distance of particle pairs, provides a description of the spreading of fluid particles under chaotic advection and turbulent motions (Schroeder et al., 2011) . It is used in many practical applications, such as for understanding and predicting the spreading of pollutants and biological quantities in the ocean (Koszalka et al., 2009; Schroeder et al., 2011) , and is defined as follow (Richardson, 1926; Babiano et al., 1990;  )) , ( ) , . If the particle velocities become uncorrelated, the mean square relative velocity tends to a value of four times the eddy kinetic energy.
In the last decades several studies have been focused on the relative dispersion in many parts of the World Ocean and 20
Mediterranean Sea using in-situ measurements. These studies identified in total four regimes that depend to the time t, the separation distance between the pairs D, and to the forcing injection scale D I . In two-dimensional turbulence, D I is the scale at which energy is injected to coherent vortices and is estimated as the internal Rossby radius of deformation. D I is of about 30 km in the ocean (Ollitraut et al., 2005) and it is of 10-15 km in the Mediterranean Sea (Robinson et al., 2001 ). For D 0 >>D I the particle are far from each other and the pair velocities become uncorrelated (Babiano et al., 1990; Ollitraut et al., 25 2005; Sansón et al., 2017) . The above mentioned four regimes are:
-the Lundgren or exponential regime that occurs at early time and small separation scale, the relative dispersion grows exponentially in time (Lundgren, 1981; Bennett, 2006; LaCasce, 2010) . The dispersion is non local and advected by eddies with scales larger than the separation distance. Under the exponential growth, the relative diffusivity should scale as Ocean Sci. Discuss., doi:10.5194/os-2017 Discuss., doi:10.5194/os- -34, 2017 Manuscript under review for journal Ocean Sci. (Bennet, 1984; Babiano et al., 1990) . Under the Richardson law, the mean square relative velocity is et al., 1990; Ollitrault et al., 2005) , the relative diffusivity should scale as (Richardson, 1926) 
local regime) and the mean square relative velocity becomes just four times the eddy kinetic energy (Sansón, 2015) and in the southwestern Gulf of Mexico for the first 3 days with D 0 <2 km (Sansón et al., 2017) . In the Mediterranean Sea the relative dispersion increases exponentially with time for the first 6 hours in the Gulf of La Spezia (Haza et al. 2010) , for time scale between 4 and 7 days in the Liguro-Provençal basin with D 0 <1 km and separation distance of 10-20 km (Schroeder et al., 20 2011) , for the first day in the Adriatic Sea with D 0 < 1 km (Poulain et al., 2013) The Ballistic regime follows the exponential phase in the Santa Barbara Channel for time scale larger than 5 hours (Ohlmann et al., 2012) and in the Adriatic Sea for time scale of 2-10 days and separation distance between 10 and 30 km (Poulain et al., 2013) . 30
The diffusive regime was found in the Gulf Stream for separation distance of 300-500 km (Lumpkin and Elipot, 2010) , in the Adriatic Sea for time scale larger than 10 days and separation distance larger than 30 km (Poulain et al., 2013) , and in the Western Mediterranean for D 0 ~ 5 km and time scale larger than 20 days (Nefzi et al., 2014) .
In the present work, we use in-situ drifter data to study the surface relative dispersion in the SWM, a region that plays a key role on the dispersion and the transport of surface water masses from the Atlantic to the Eastern Mediterranean Basin. Our 35 goal is to study, describe and understand the horizontal transport of mixing proprieties in a two dimensional flow. In-situ data and drifter pairs are presented in section 2. The results of the statistical properties of the relative dispersion, the relative Ocean Sci. Discuss., doi:10.5194/os-2017 Discuss., doi:10.5194/os- -34, 2017 Manuscript under review for journal Ocean Sci. , defined as the enstrophy cascade range, occurring for distances smaller than 11 km and initial separation distances in 5<D 0 <10 km ( Figure 7b) ; whereas for initial separation distances of 35-40 km the exponential phase occurs for scales smaller than 45 km (Figure 7c ). In the Richardson phase, the diffusivity grows approximately as distance to 30 the 4/3 power for the scale ranging 3 to 15 km and for 1<D 0 <3 km, in agreement with an inverse cascade of energy ( Figure   7a ). For 35<D 0 <40 km and 55<D 0 <60 km, the relative diffusivities are approximately constant during the Richardson phase (Figures 7c and 7d) . At large scales (100 km or more), the relative diffusivities are constants for all values of D 0 and all particle velocities are uncorrelated.
The relative characteristic dispersion time at small scales is constant (enstrophy cascade range; Babiano et al., 1990; 35 Ollitrault et al., 2005) and corresponds with the exponential phase of the relative dispersion (Figure 8 ). The characteristic Ocean Sci. Discuss., doi:10.5194/os-2017 Discuss., doi:10.5194/os- -34, 2017 Manuscript under review for journal Ocean Sci. 
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In the present work, we have studied the statistical properties of relative dispersion using the dataset of drifters deployed in the SWM. We mainly focus on the initial phase of the relative dispersion (first 40 days) and on space scale ranging from 1 km to the mesoscale (55-60 km).
The relative dispersion, diffusivity and characteristic dispersion time of the surface drifter pairs are in accordance with the theory of two-dimensional turbulence and with the four classical Lundgren, Richardson, Ballistic and Rayleigh regimes. TheLundgren regime (dispersion increases exponentially in time; non-local regime) occurs during the first few days and depends of the initial pair separation: it is observed at spatial scales less of 8-11 km for 5<D 0 <10 km, and between 37 and 45 km for (Sebille et al., 2015) . In the Mediterranean Sea, the exponential growth of relative dispersion spans to 6 hours after deployment in the Gulf of La Spezia (Haza et al., 2010) and 4-7 days in the Liguro-Provençal Sea (Schroeder et al., 2011) . In particular in the Western Mediterranean, Nefzi et al. (2014) found the exponential regime at small time, lasts only 3 days using a high-resolution primitive equation The Ballistic regime follows the exponential phase for 5<D 0 <10 km, time scale ranging from 1.5 to 13 days and separation distance between 30 and 100 km ( Figure 6b) ; similar results have been observed in the Adriatic Sea from Poulain et al. (2013) .
For D 0 of 35-40 km, the exponential regime is followed by a 'mixed' regime which is in the middle between the ballistic and the Rayleigh regimes (Figure 6c) . 30
The Rayleigh regime started at sufficiently long time (after 34 days) for D 0 less than 3 km and after 30 days for 5<D 0 <10 km, whereas it follows the exponential phase for D 0 larger than 55 km (Figure 6d ). For scales of about 100 km or more, the relative diffusivity and the characteristic dispersion time are approximately constant since all pair relative velocities are uncorrelated (Figures 7 and 8 ).
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The original pairs (red circles) and chance pairs (blue dots) are connected respectively with magenta and green lines.
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